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SPECIFICATION 

1. Title o£ the Invention 

Molybdenum for structural material purposes 

2. Scppe of the Patent Claims 

1. Molybdenum for structural material purposes, 
characterized in that from 1 to 5 wt% of lanthanum oxide 
(LagOj) is dispersed uniformly in molybdenum (Mo) , and the 
average particle size of said dispersed lanthanum oxide (LajO,) 
is not more than 3 ^m and the maximum particle size is not more 
than 7 ^m. 

^ 2. Molybdenum for structural material purposes « according to 
Claim 1, where a sinter comprising molybdenum (Mo) powder and 
lanthanum oxide Iha^O^) powder has been subjected to working 
with a working factor of at least 60%. 



3. Detailed Description of the Invention 

Technical Field of the Invention 

The invention concerns molybdenum for structural material 
purposes where LajOj particles are uniformly dispersed in Mo. 

Prior Art of the Invention and Aaa ociated Problems 
Mo material in which La^Oa is included is supplied mainly as a 
coil-like (spiral-like) wire or as a plate formed into a round 
cone as a cathode material for electron tubes. 

The La^Oj in the Mo does not form a solid solution and a 
compound with the Mo in the same way as the ThOa in thorium 
oxide-containing tungsten (ThOa-W) and it is dispersed as LaaO, 
particles in the Mo. 

Consequently, the various characteristics of such molybdenum 
materials are greatly affected not only by the LajOj particle 
content but also by the state of dispersion of the particles. 
For example, in cases where the La^Oa in the Mo aggregates and 
the state of dispersion of the Lafi^ particles is poor problems 
arise in that failure often occurs, or cracks are formed, on 
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secondary worHRg of the material such ashmen forming a coil 
or a cone for example. 

Furthermore, if the state of dispersion of the LaaO) in the Mo 
is poor, as mentioned above, then various problems arise when 
the material is used as the cathode material for an electron 
tube in that it is difficult to achieve good electron release 
characteristics suad the life expectancy is short. 
Hence, in the past it has been inipossible to resolve the 
various problems associated with workeUbility and electron 
release characteristics, for example, as mentioned above since 
the appropriate dispersion state of the La^O^ added to the 
molybdenum material was unknown. 

Purpose of the Invention 

The aim of the present invention is to resolve the 
abovementioned problems by supplying Mo material which contains 
from 1 to 5 wt% of La^O^ which, when used as a structural 
material, can be subjected easily to secondary working and 
which, when used as a cathode material, has a long life. 

Outline of the Invention 

As a result of thorough research carried out with a view to 
achieving the abovementioned aim, the inventors have discovered 
that if, in a Mo material which contains from 1 to 5 wt% of 
LajOj, the LajOj particles are uniformly and finely dispersed, 
the various properties such as the secondary working properties 
and the electron release characteristics are improved, and the 
invention is based upon this discovery. 

The molybdenum for structural purposes of this invention is 
characterized in that from 1 co 5 wt% lanthanum oxide (La^Oj) 
is uniformly dispersed in molybdenum (Mo) and the average 
particle size of said dispersed lanthanum oxide (La^O^) 
particles is not more than 3 jim and the maximum particle size 
is not more than 7 fim. 
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In this invi 



on the LajOj is a coRponei 



rhich provides an 



electron release function and increases the high temperature 
strength. 

The La^O, content is set at from 1 to 5 wt%. If the La^O, 
content is less than 1 wt% then the effect of adding LajO^ is 
unlikely to be achieved and characteristics approaching those 
of pure Mo are exhibited, and if the content exceeds 5 wt% then 
little change over the effect observed on adding not more than 
5 wt% is seen and/ moreover, there are problems in that, for 
example, the secondary working properties become poor. 

The particle size of the LasO} must be not more then 3 ^m as an 
average particle size and not more than 7 {im as a maximum 
particle size. If the average particle size exceeds 3 fxm or if 
the maximum particle size exceeds 7 ^m then not only are the 
working properties adversely affected in that failure may occur 
or cracks may be formed on secondary working a wire or sheet, 
but when the material is used as the cathode material in an 
electron tube it is difficult to achieve stable electron 
release characteristics over a long period of time. 

Moreover, the secondary working properties of a wire or sheet 
material are affected by the working factor (fractional change 
in the cross sectional area) from a sinter comprising 
molybdenum (Mo) and lanthanum oxide (LaaO,) as well as the 
content and state of dispersion of the La^O,. 

Molybdenum for staructural purposes of this invention is 
preferably worked with a working factor from the sinter of at 
least 60%. Metals like Mo which, when compared with Cu and Al, 
are brittle, are such that the non-orientated crystal structure 
produced by sintering can be formed into a crystal structure 
which is orientated in the working direction by working. The 
flexibility of the molybdenum for structural purposes is 
improved by forming such an aggregate structure. According to 
the results of experiments carried out by the inventors, with 
Mo material which contains from 1 to 5 wt% LajOj, secondary 
working becomes easier as the working factor from the sinter 
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becomes greai 



• 



and there is no problem 



actice with wire 



or sheet material where the working factor is at least 60%. 
Embodiment of the Invention 

The characteristics of Mo materials containing from 1 to 5 wt% 
of La^Oa of this invention are described below. 

Pressed-powder mouldings were made with a pressure of 
1,5 ton/cm^ using a mechanical press in accordance with the 
methods of powder metallurgy while varying the amotint of La^Oy 
added and the method of mixing in such a way that the La^Oj 
content was 0.5, 1.0, 2.0, 4.0 or 6.0 wt% and the particle size 
of the La^O} differed^ and the pressed-powder mouldings were 
sintered for 8 hours at 1850^C in a hydrogen atmosphere. The 
sinters obtained at this time were of specific gravity about 
9.50, and there were of a form of cross section 12 x 12 mm and 
length 650 mm. The sinters were subjected to beating and 
drawing while applying heat and wires of 0.60 mm^ were 
obtained. Verification of the La^O, particle size in the Mo 
wires was carried out by embedding the wire in a thermoset 
resin and providing a mirror surface finish with the usual 
polishing method and then just the Mo material was polished 
away using a special electrolytic polishing method so that the 
La^O^ was left behind above the polished surface and then the 
particles were observed using a scanning electron microscope. 

The relationships between the La^Oj content in the Mo in the 
0,60 mm<^ diameter wireS and the maximum LaaO^ particle size 
with the flexibility of the wire and secondary 
recrystallization tetnperature are shown in Table l. 
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As is clear ^jj^k these results, an La^O^ cd^^iat of from 1.0 to 
5 wt% is best, and according to the experimental results 
obtained by the inventors an La^O, content of from 2 to 3 wt% 
is ideal. Furthermore, a smaller LagOj particle size is 
better, and the secondary working properties decline shairply if 
the particle size exceeds 8 \m. 



Purtheinnore, the abovementioned pressed-powder mouldings were 
pressed at a hydrostatic pressure of 2 ton/cm^ to mould pressed 
powder-mouldings and sinters of specific gravity 9.45 and with 
a shape of diameter 60 mm^ and length 400 mm obtained by 
sintering for 8 hours at IBSO^C in a hydrogen atmosphere were 
hammer worked and roll worked and sheets of thickness 0.2 mm 
were obtained. At this time an intermediate heat treatment 
above the secondary recrystallization temperature was carried 
out in a hydrogen atmosphere. The dimensions of the sheet 
material which was heat-treated were such that the working 
factor to work to a sheet thickness of 0.2 mm was 40%, 60% or 
80%. The results obtained on investigating the flexibility of 
the sheet materials at this time are shown in Table 2. 



Table 2 



Working Factor (%) 


40 


60 


80 


Flex Properties of 0.2 t sheet 
macerlal (Relative Values) 


1.5 


10 


20 



* Amount of LajOj added: 2% 



M£uciinum particle size of the La,0,: 2.0 fim 

As is clear from these results, the effect on the flexibility 
of the working factor is similar to that in the case of a wire 
where it is known that good flexibility is obtained on working 
by at least 60% 



Next, the relationship between the LajOj content in the Mo used 
in an electron tube (wire diameter 0.2 mm^) and the electron 
release characteristics is shown in Table 3. According to 
Table 3 an LajO, content of at least l.O wt% is required, and 
there is no improvement in the electron release characteristics 
even if the LajO, content exceeds 6.0 wt%, there being a slight 
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fall when 
2 wt%. 



ed with the characteris^Vs obtained with 
Table 3 



La,0, Content (%) 


0.5 


1.0 


2.0 


6 .0 


Initial Electron Release 
Characteristics (Cathode 
heating temperature l$00*C) 
(Relative value) 


1 


15 


25 


14 


Life 

(Relative value of the time 
period over which stable 
continuous electron discharge 
characteristics are obtained) 


1 


13 


18 


13 



As is clear from the description above, the molybdenum for 
structural purposes of this invention provides the following 
excellent effects: (1) it has good secondary working 
properties, (2) it has a high secondary recrystallization 
temperature and so has high high- temperature strength, and (3) 
it has stable electron release characteristics, and it is of 
very great industrial value. 
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